Introduction
Ginseng, the root of the arialaceous plant, Panax ginseng, has been used for 5000 years in the Orient as a tonic and restorative. Although all parts of the plant contain pharmacologically active ingredients, it is the root that is highly prized. In vitro somatic embryogenesis and flowering of embryoids derived from mature root callus of ginseng can be readily induced,' but cultivation of the root is long and difficult, taking 6 or 7 years before it is ready for harvesting. Nowadays large scale ginseng cultivation is industrially processed in modern factories in Korea, producing millions of pounds worth of the root in the form of powder, liquid extracts, tablets and capsules, which are sold worldwide. Interest in herbal remedies has not only increased ginseng production manyfold in Europe and America, but has encouraged Western pharmaceutical firms and pharmacologists to investigate its actions and properties.
The history of its clinical usage in the Orient has been to restore and enhance normal well being and not as curative medicine. Brekhman, of the Academy of Sciences in Vladivostok, described it as an 'adaptogen' -a substance that is innocuous, does not impair physiological functions, but helps to increase resistance against noxious or stressful influences of a physical, chemical or biological nature, and in general has a normalizing effect. 2 Although ginseng fulfils some of these criteria, recent reports suggest that side effects of behaviour stimulation and hypertension may occur in high dosage.3
Chemistry
The separation and isolation of ginseng saponins, called ginsenosides, was first reported by Russian and Japanese workers using column and thin layer chromatography. The acccepted nomenclature of the individual saponins named Rx (x=O, a, bl, b2, c, d, e, f, gl, g2) is based on the sequence of spots detected after silica gel thin layer chromatography. 4 The chemical structure of these saponins is based upon the tetracyclic triterpenes, protopanaxadiol and protopanaxatriol. The ginsenosides Ra to Rg2 differ in the number and arrangement of sugar residue, glucose, rhamnose, xylose and arabinose, variously combined with one another and attached to the hydroxyl groups. Modern extraction techniques followed by high pressure liquid chromatography have enabled the analysis and standardization of the saponin content of the ginseng extracts.S More recently, the chemical structures of white ginseng (peeled and dried roots) and red ginseng (steamed, ginseng roots without peeling) have been further determined by 13C-NMR, chemical reactions (including methylation analyses) and enzymatic degradations (Figure 1 ).6 White ginseng is produced by air-drying the root, while red ginseng is produced by steaming the root followed by drying. Extracts of red and white ginseng contain different ginsenosides. 
Pharmacological effects
Whilst subjective effects on well-being have been reproducibly obtained in many reported series, the pharmacological properties of Panax ginseng reported in man have been contradictory. In animals, hypertensive and hypotensive effects, histamine and antihistamine-like actions, and stimulatory or depressant activity on the central nervous system have all been described.7 These contrasting effects may be partially related to the dosage levels employed.8 Contradictory reports of the actions of ginseng may also be explained by differences in quantities of the active ginseng components in preparations tested in the past, as crude extracts were generally used. 9 The most active components of ginseng have been identified as saponin substances which possess hormone-like effects and probably account for its anti-fatigue properties. Clinical improvement in diabetic patients given red ginseng powder orally over a 3 month period was reported to be related to the presence of adenosine and an unknown acidic peptide with insulin-like properties.10 /3-Sitosterol, a steroid sapogenin which is absorbed from the gastrointestinal tract and lowers blood cholesterol has also been isolated from ginseng.1"
The individual ginsenosides can exert opposite pharmacological effects which may explain some contradictory results reported. The main two ginsenosides Rb1, a protopanaxadiol derivative with 1,2 glycosyl-glucose and 1, 6 Stimulation of DNA synthesis in bone marrow cells of rats was shown following the addition of a Panax ginseng extract direct to the incubation medium. At 25 jug/ml synthesis was doubled as measured by the incorporation of 3H thymidine into DNA. Protein and DNA synthesis were also significantly increased in minced testes of rats using the same ginsenoside fraction at a concentration of 50 ig/ml.22
The effect of insulin release in a perfusion system and from isolated pancreatic islets of diabetic mice was potentiated significantly by an isolated hypoglycaemic fraction of the ginseng root (DPG 2-3).21 Its mode of action was shown to be related to stimulating calcium ionic uptake. 37 The natural killer cell activity in mice with lung adenoma induced by urethane and benzoapyrene was enhanced by the administration of red ginseng. 38 
